We present a comprehensive study on oscillation of high-energy neutrinos from two different environments: blue supergiant progenitors that may harbor low-power gamma-ray burst (GRB) jets and neutron star merger ejecta that would be associated with short gamma-ray bursts. We incorporate the radiation constraint that gives a necessary condition for nonthermal neutrino production, and account for the time evolution of the jet, which allows us to treat neutrino oscillation in matter more accurately. For massive star progenitors, neutrino injection inside the star can lead to nonadiabatic oscillation patterns in the 1 TeV -10 TeV and is also visible in the flavor ratio. For neutron star merger ejecta, we find a similar behavior in the 100 GeV -10 TeV region and the oscillation may result in a νe excess around 1 TeV. These features, which enable us to probe the progenitors of long and short GRBs, could be seen by future neutrino detectors with precise flavor ratio measurements. We also discuss potential contributions to the diffuse neutrino flux measured by IceCube, and find parameter sets allowing choked low-power GRB jets to account for the neutrino flux in the 10 TeV-100 TeV range without violating the existing constraints.
I. INTRODUCTION
Recent observations have suggested that the population of gamma-ray bursts (GRBs) is diverse. Classical, high-luminosity long GRBs are typically attributed to ultrarelativistic jets from the core collapse of massive stars [e.g., 1-4, for reviews]. Particle acceleration in the jets will then lead to emission of gamma rays and perhaps production of high-energy neutrinos and ultrahighenergy cosmic rays [5, 6] . The stacking analyses made by IceCube have shown that prompt neutrinos from GRBs do not significantly contribute to the observed diffuse neutrino flux [7, 8] , and have given interesting constraints on the CR production in GRBs. However, low-power GRBs (LP GRBs) such as low-luminosity GRBs (LL GRBs) with isotropic luminosities below ∼ 10 49 erg s −1 [9, 10] and ultralong GRBs (UL GRBs) avoid these stacking limits and may provide significant contributions to the diffuse flux [11] . In particular, "failed" GRBs with choked jets can bypass such constraints: Unlike traditional bursts, choked GRB jets are characterized by a jet that does not escape the progenitor and leads to an unobservable electromagnetic signal [12] [13] [14] . Such sources, with a population that may be much greater than classical ones, may also account for the IceCube neutrinos [11, [15] [16] [17] [18] [19] [20] .
On the other hand, the coalescence of neutron star mergers produces gravitational waves accompanied by short GRBs (SGRBs). We can expect high-energy neutrino and gamma-ray emission associated with internal dissipation in relativistic outflows [21] [22] [23] . The SGRB jets can also be choked [24, 25] and allow for neutrino emission without accompanyed photons.
As neutrinos travel to Earth, wave packet decoherence leads to an averaging out of oscillation probabilities such that the flavor ratios at injection and detection are differ-ent. In principle, measuring these ratios on the Earth can provide information on neutrino production and propagation. The IceCube Collaboration's first study in 2015 showed that source compositions from traditional models cannot be excluded at 68% confidence level [26, 27] . Likewise, flavor ratios can be used to constrain Beyond Standard Model physics [28] [29] [30] [31] [32] [33] [34] [35] [36] .
Neutrino oscillation in the context of hidden GRB jets has been studied in Refs. [37] [38] [39] both in numerical and analytical fashions. These previous works on the neutrino oscillation assumed the single-zone model, in which high-energy neutrinos are produced at a specific radius inside a progenitor. It was also assumed that CR acceleration occurs ad hoc, without taking into account radiation constraints that mean inefficient CR acceleration when the shock is radiation mediated [11] . In this work, we will consider time-evolving jets, taking into account both of the radiation constraints and jet stalling conditions. This approach allows us to calculate timedependent neutrino spectra as the jet propagates inside the progenitor, providing a more realistic calculation of high-energy neutrino production that inherently depends on the dissipation radius. We will include the radiation constraints, by which we can identify when the shock becomes radiation unmediated and the neutrino injection begins. On the other hand, a time-dependent injection site enables us to identify the density profile that neutrinos will travel through and to correctly account for the Mikheyev-Smirnov-Wolfenstein (MSW) effect [40, 41] , as well as the neutrino flux attenuation due to inelastic neutrino-nucleon scatterings.
Here, we present a semi-analytical study of high-energy neutrino production in choked GRB jets and deal with neutrino oscillations numerically. For LP GRBs it is easier for the jets to become collimated inside the star, becoming slow and cylindrical [42, 43] . Under these con-ditions, neutrino production is more favorable in comparison to classical GRBs, where the large luminosities cause radiation-mediated shocks and inefficient CR acceleration [11] . We also study choked SGRB jets in neutron star merger ejecta, considering internal shocks as CR acceleration sites.
In Section II we describe the basics of relativistic jet propagation, neutrino injection and neutrino oscillations in the progenitor. Our results are presented in Section III, showing spectra of escaping neutrinos and observed fluxes on the Earth, as well as the corresponding flavor ratios. We then continue to analyze in Section IV how our results can be applied to the diffuse neutrino flux seen in IceCube and prospects for future neutrino detectors such as IceCube-Gen2 and KM3Net.
Throughout our work we use Q x = Q/10 x and quantities are given in CGS units, unless otherwise stated.
II. METHOD

A. Astrophysical environments
We first describe two examples briefly. For both of our examples, we require a few common parameters: the isotropic-equivalent total luminosity L tot , the precollimated jet Lorentz factor Γ j and the duration t dur of the event, which are related to the jet propagation. In addition, the jet opening angle θ j , the magnetic energy fraction B , and the internal shock radius r is are introduced. The luminosity and opening angle also determine the one-side jet luminosity, L j = L tot θ 2 j /4. We consider particle acceleration associated with internal shocks. The isotropic-equivalent kinetic luminosity is given by L iso = Γ j L tot /η, with η being the maximum Lorentz factor and Γ j being the jet Lorentz factor. We have L iso = L tot if Γ j = η.
Choked LP GRB jets in a massive star
We consider a LP GRB jet as expected for UL GRBs and LL GRBs. In this environment it is possible for the jet to become collimated inside a massive star progenitor, with the collimation occurring at [42] 
where a is the ambient density profile. The parameters ξ a = 3/(3 − α) and ξ h = ξ c = (5 − α)/3 depend on α = −d ln a /d ln r, where the derivative is evaluated at the location of interest, and f cc ≈ 0.01 is a correction factor determined by numerical calculations [43] . Based on the definition of ξ a , it follows that this formula is not applicable when the density profile falls faster than r −3 (see Ref. [42] ). Note that the cocoon pressure is assumed to be constant. In more realistic situations, a pressure gradient may exist, especially r cs r h and there are multiple collimation shocks that may occur at radii smaller than Eq. (1) [11] . In this work, we use the collimation shock radius set by the cocoon pressure evaluated at the jet head radius r h .
Beyond the collimation shock radius r cs , the jet is cylindrical and the Lorentz factor of the collimation shock is Γ cs ∼ 1/θ j . On the other hand, the jet head velocity β h is given by [42, 43] 
Inside the star, shocks may be radiation mediated and photons diffuse into the upstream region. The photons are thermalized by electron-positron pairs and electrons that are coupled to protons. If the associated Thomson optical depth is too large, then CR acceleration is inefficient. In this work, we assume that the CR acceleration occurs at internal shocks, whose radii are limited by the collimation shock radius (i.e., r is ≤ r cs ). In the case of LP GRBs, we take r is = r cs . Imposing the condition τ u T 1 to this region as the most conservative bound, we get n u σ T (r is /Γ r ) 1, where σ T is the Thomson cross section and
is the comoving upstream electron density, assuming an e − p plasma. Here Γ r is the Lorentz factor of the faster shell and Γ rel-is ≈ Γ r /(2Γ j ) is the relative Lorentz factor between the merged shell and the fast shell (assuming fast and slow shell both have the same mass). In terms of the LP GRB parameters, the radiation constraint [11] takes the form [70] L iso,52 r −1 is,10 Γ −3 j,2
where C 10 is a numerical factor due to the generation of pairs at the shock. For this work, we ignore highenergy neutrino emission produced by CRs accelerated at collimation shocks, as these neutrinos would be more important in the GeV-TeV region [11] . Eq. (3) marks the location, where efficient CR acceleration begins [11] . For successful CR injection, we need to ensure that the radiation constraint is satisfied before the jet ends at t dur (that is the GRB duration). In general, t dur is a free parameter; it becomes constrained by imposing the jet stalling (failed GRB) condition, namely that the breakout time t bo (when the jet head reaches the stellar radius) is longer than t dur . For LP GRBs, this is achieved for a nonrelativistic jet head; it will also move at a near constant velocity. We use these relations to verify that the chosen GRB parameters and density profile form bursts with the desired properties.
Results of the semianalytical jet propagation model are shown in Fig. 1 . We choose three density profiles from [44] : a 30 M and 75M blue supergiant (BSG) and a 45 M red supergiant (RSG). We also include a 16 M Wolf-Rayet (WR) profile from [45] . The radius r h is calculated using Eq. (2) until we reach the point where the density profile falls off faster than r −3 . Beyond this point, we extrapolate to determine r h . We then calculate r cs in a similar fashion, using Eq. (1).
Choked SGRB jets in merger ejecta
For a neutron star merger, we follow the method outlined in Ref. [46] and consider the jet propagation in the merger ejecta with mass M ej and speed β ej . For more detailed numerical studies see, e.g., Ref. [25] . Jets can be launched through the Blandford-Znajek mechanism [47] and can lead to neutrino emission by CRs accelerated at internal shocks.
We consider a time lag between the ejecta and jet production, which is given by t lag , such that the ejecta radius is
and the density profile of the ejecta is wind-like as
On the other hand, the jet head position is estimated to be
where M ej,−2 = M ej /(0.01M ) (this is the only exception to our definition of Q x ) is the ejecta mass and χ lag = 1 + t lag /t. We will assume that production happens in the internal shocks, when a fast shell with Lorentz factor Γ r collides with a slower one of Γ s to form a merged shell of Γ j . This collision occurs at the internal shock radius r is 8.4 × 10 9 t var,−4 Γ 2 j,2.48 Γ −2 rel-is,0.6 cm, where t var is the variability time. Internal shocks can form either in the precollimated jet or the collimated jet; however, the Lorentz factor in the collimated jet is so low that the shock will be radiation mediated. For this reason, as in the LP GRB case, we assume that internal shocks occur in the unshocked jet (r is ≤ r cs ) where the efficient CR acceleration reads
Finally, the jet stalling condition is imposed by r h < R ej .
B. CR injection, timescales and neutrino production
We assume an initial dN p /dε p ∝ ε −2 p proton spectrum, where the primes indicate that the quantities are evaluated in the comoving frame of the injection site (i.e., in the rest frame of the jet). The maximum proton energy is determined by the balance between the acceleration time t p,acc = ε p /(eBc) and its cooling time t cool , while the minimum proton energy is Γ rel-is m p c 2 . We can then normalize the injection spectrum such that its energy injection rate is equal to the isotropic-equivalent kinetic luminosity L iso .
The main pion production mechanism in GRBs is photomeson production, with a timescale t pγ given by the formula
where σ pγ is the photomeson production cross section, κ pγ is the proton's inelasticity, θ is the angle between the momenta of the proton and photon and dn γ /d is the target photon density per energy.
For choked LP GRB jets, the main target photons are generated by collimation shocks and follow a blackbody spectrum with a photon temperature of kT cj 0.70 L iso,49.5 r −1/2 cs,11.5 (θ j /0.2) 1/2 keV. In the comoving frame, the photon density and the energy of each individual photon are boosted by a factor of Γ rel−cs ≈ Γ j /(2Γ cs ). In addition, the corresponding target photon density in the inner jet is reduced by Γ rel−cs [1 − exp(−τ cj )]/τ cj because of the photon diffusion [11] .
Analogously, for choked SGRB jets, the photon density has a thermal component leaking from the collimated jet. Using the photon temperature kT cj
lag,0.18 keV, we assume the leakage fraction to be τ −1 cj ∼ Γ cj /(n cj σ T r cs ), where n cj ≈ Γ rel,cs L iso /(4πΓ 2 j r 2 cs m p c 3 ) is the density in the collimated jet. The corresponding target photon density in the inner jet becomes Γ rel-cs /τ cj times the photon densityin the collimated jet, while the energy of individual photons is also boosted by a factor Γ rel-cs . The non-thermal component is described by a broken power law
where e is the fraction of thermal energy that is given to the non-thermal electrons and
is the downstream density of the internal shocks. We assume that the minimum (maximum) photon energy of the non-thermal component is 0.1 eV (1 MeV) and the spectral indices are α 1 = 0.2 and α 2 = 2.0 [46] .
Pion production from inelastic pp collisions may also have to be taken into account. The proton-proton interaction time scale is given by t pp = (κ pp σ pp n j c) −1 . We take κ pp ∼ 0.5 as a constant, while the inelastic pp cross section σ pp is parametrized by the formula given in Ref. [48] .
Using the interaction timescales t pp/pγ , we can define the effective optical depth as where t cool is found from t −1 cool = t −1 , which is a summation over all the cooling processes in the environment of interest. For the purposes of calculating the effective optical depth, the relevant cooling processes are pγ and pp interactions, adiabatic losses with timescale t ad ≈ t dyn ≈ r is /cΓ j and synchrotron losses with timescale
for a particle of mass m and energy E. The magnetic field in the comoving frame B satisfies the relation
where B is the fraction of the isotropic luminosity that is converted to magnetic field energy. Pions and muons from pγ interactions will lose energy as they propagate and may not be able to decay into high-energy neutrinos. For collimation shocks in choked long GRBs, the main pion energy loss mechanisms are synchrotron radiation and adiabatic energy loss; for internal shocks in choked SGRBs, we have hadronic cooling from πp interactions in addition to the aformentioned processes. Muon cooling is a result of synchrotron and adiabatic losses in both astrophysical phenomena. The hadronic cooling timescale is t −1 πp = κ πp σ πp n j c where we take the values κ πp ∼ 0.8 and σ πp ∼ 5 × 10 −26 cm 2 as constants for our energy range of interest.
The pion cooling timescale is compared to its decay timescale t dec = γτ dec , where γ is the Lorentz factor of the particle in the comoving frame, leading to a suppression factor f sup = 1 − exp(−t cool /t dec ). For neutrinos originating from muon decay, we require two suppression factors: one for pion cooling and another for muon cooling. The muon spectrum is therefore significantly suppressed with respect to the pion spectrum at high energies. We assume that the correspondence between the parent proton and daughter neutrino is ε p ≈ 20ε ν (ε p ≈ 25ε ν ) for pγ(pp) interactions. In reality neutrinos from a proton with ε p may have energies below 0.05ε p (or 0.04ε p ) due to meson and muon cooling.
Meson and muon cooling modifies neutrino injection fluxes at high energies, while the production efficiency factors f pp/pγ modify the low-energy regions. Once we take these considerations into account, the generated neutrino spectrum "per flavor" in the jet frame is given by
where K = 1 (K = 2) for pγ (pp) interactions, f sup = f π sup for the ν µ spectrum arising from pion decay and f sup = f π sup f µ sup for the neutrinos produced as a result of muon decay. After we obtain the neutrino fluxes in the jet comoving frame, we perform an appropriate Lorentz boost to switch to the observer frame.
C. Neutrino propagation
For neutrino propagation, we assume the following values for the oscillation parameters: θ 12 = 0.590, θ 23 = 0.84, θ 13 = 0.15, ∆m 2 31 = 2.52 × 10 −3 eV 2 , ∆m 2 21 = 7.39 × 10 −5 eV 2 , following the NuFIT 2019 oscillation fit [49] . The effects of the CP violating phase δ are expected to be nonsignificant compared to other considerations in neutrino production, namely the π + /π − ratio and kaon production [50] . Without these considerations, for the purpose of this work, there is little benefit in making a distinction between neutrinos and antineutrinos. We therefore treat the injection flux Φ ν + Φν as if it contained neutrinos and no antineutrinos and set δ = −π/2 [51] .
For resonance effects inside the source, we use the following estimate for the ν 1 − ν 3 resonance energy E H R [38] :
where V = √ 2G F n e is the matter potential, G F is the Fermi constant and n e is the electron number density. The right hand side of Eq. (13) uses the best fit values of the oscillation parameters and n e = Y e ρ/m p , where ρ is the matter density, m p is the proton mass and Y e is the electron fraction. The electron fraction is assumed to be 1/2 both in Eq. (13) and our numerical simulations.
During propagation, neutral current (NC) interactions are considered. When dealing with charged current (CC) interactions, we are not tracking the charged leptons formed in the process since they will have less energy and will also be quickly cooled, particularly the electron. The propagation from the injection radius to R * (or to R ej for SGRBs) is handled by nuSQuIDS [52] , giving the oscillated spectra Φ να, * by solving the Schrödinger equation for the neutrino state, within the the density matrix formalism. In the SGRB case, we have to keep in mind that the ejecta radius and density profile are "time dependent" quantities: both the location of the neutrino and time elapsed since injection have to be used to impose the neutrino escape condition.
After escaping the source, wave packet decoherence will cause subsequent vacuum oscillations to be suppressed as neutrinos make their way to Earth. The ob-
where Φ νi, * is the neutrino flux of the vacuum mass eigenstate i [38] at the edge of the progenitor. 
III. RESULTS ON NEUTRINO OSCILLATION AND FLAVOR RATIOS AT EARTH
A. Applications to choked LP GRB jets inside a blue supergiant
The parameter set used for LP GRBs is shown in Table I and the density profile corresponds to a 30 solar mass blue supergiant (BSG) from Ref. [44] . By taking a variety of injection radii, we obtain the propagated spectra both at escape and on the Earth. Our choice of parameters indicate that efficient CR acceleration happens at r cs ∼ 5.9 × 10 8 cm at ∼ 10 s and breakout at ∼ 4600 s. Based on previous studies, which obtained the E 2 ν dN ν /dE ν flux peak in the 100 TeV range [11, 53] , we will study the spectrum in the 1 TeV -100 PeV energy range. Throughout this energy range, pion production is highly efficient. Using Eq. (13), we find that, at the injection site, E H R ≈ 6 MeV when the shock becomes radiation unmediated and E H R ≈ 160 TeV at t dur . We show the results of our oscillated neutrino spectra in Fig. 2 . The proton fluxes have been normalized so E 2 p dN p /dE p = 1. The observed oscillation pattern for our injection radius of 1.6 × 10 11 cm is not a mere result of the MSW resonance: the ν 1 − ν 3 resonance occurs at < 430 GeV at injection, below the energy range of interest. During propagation, we can satisfy the resonance condition in the TeV range, which may explain the peaks at 1 TeV and 3 TeV in the ν e flux. What we mostly observe are nonadiabatic oscillations, in which oscillations are caused by the ν 2 −ν 3 mixing in matter induced by adiabaticity breaking of the ν 1 − ν 3 resonance, the so-called H-wiggles mentioned in Ref. [38] , whose effect decreases as we go to energies above 10 TeV.
In the high-energy regime, we observe the attenuation of the neutrino flux as a result of both pion/muon cooling and the increase in the CC cross section. The effect of NC interactions slightly modifies the slope of the spectrum and we found that the changes are in the order of 10%. Naturally, the attenuation effects become more significant at lower injection radii; if injection occurs at 10 10 cm, we would have negligible flux at 1TeV.
On the other hand, at high energies, matter effects enhance the mass splittings inside the progenitor, effectively suppressing oscillation effects. This phenomenon typically occurs in the PeV range. If we consider the propagation close to the edge of the progenitor, where the density is the smallest, we would still find little oscillations because the vacuum oscillation lengths l osc jk = 4πE ν /|∆m 2 jk | 10 14 cm are much larger than the progenitor radius.
Looking at the flavor ratios, it is traditionally assumed that the neutrino spectrum at escape (for pγ interactions) follows the ratio (ν e : ν µ : ν τ ) = (1 : 2 : 0) at escape for low energies and (0, 1, 0) at high energies [54] . All neutrino oscillations happen in vacuum and Eq. (14) takes the form
leading to the flavor ratios (1 : 1.08 : 1.06) for low ener- Flavor ratio Injection at r h = 1.6 × 10 11 cm gies and (1 : 2.03 : 1.87) at high energies. In our case, we inject neutrinos inside the source so matter effects will alter the low-energy ratio. We show the flavor ratios for our model in Fig. 3 . We see that nonadiabatic oscillations shown in Fig. 2 also induce oscillations in the flavor ratios. These oscillations get smeared out if we do a time integral to obtain the overall neutrino flux of the burst. One feature that still persists even in the presence of matter effects is that Φ νµ and Φ ντ fluxes are approximately equal after averaging, for low E ν . The transition in the flavor ratio and the splitting between the ν µ and ν τ fluxes occurs close to 100 TeV, consistent with our theoretical expectation that the ratio approaches (1 : 2.03 : 1.87) when muons are significantly cooled in the GRB. This transition would be hard to spot since the neutrino flux is heavily suppressed at these energies due to inelastic collisions with matter. Additional simulations using a 25 and 35 solar mass BSG (all other parameters fixed) show that the flavor ratio is only mildly affected by choosing different BSG progenitor models. Similar results hold for a red supergiant progenitor as well. We expect this because most of the neutrino injection happens above 10 11 cm, where the density profiles are similar (see Fig. 1 ).
B. Applications to choked jets LP GRB inside a red supergiant
In the case of a WR star progenitor, we have a > 10 3 g cm −3 until r ∼ 10 10 cm. Neutrino attenuation is important and very few neutrinos are present in the TeV range, so the only contributions come from injection close to the edge. We thus conclude that most of the injected neutrinos would be subject to vacuum oscillation mostly. If we insist on having observable matter effects, attenuation would be so strong that attempting a fit with IceCube data would inevitably overshoot the astrophysical flux in the low-energy range. Furthermore, we also get a lower bound on the allowed values of t dur if we are to have observable neutrinos. This restriction can be avoided if the WR star has additional surrounding material outside of its core, allowing for further jet propagation [55] .
C. Applications to choked SGRB jets inside merger ejecta
The parameters chosen for the choked SGRB jets are summarized in Table I and the resulting oscillation pattern is shown in Fig. 4 . It is instructive to point out the oscillation pattern differences with respect to the LP GRB case. First, we find that the neutrino flux does not vary significantly over time; unlike LP GRBs, in which the injection begins at ∼ 10 s, the constraint r is < r cj forbids CR injection in the early phases, beginning at the neutrino onset time t onset = 1.7 s and the duration of the neutrino injection phase is shorter in SGRBs. The mild variations in the spectra mean that the oscillations patterns are not smeared out after time integration. The ν 1 − −ν 3 resonance energy at the injection site occurs at 18 GeV at t onset and 27 GeV at t dur .
The particular parameter set that we have chosen allows for an interesting pattern to form. In the LP GRB case, the oscillation lengths are shorter than the size of the progenitor, so oscillations in the flavor ratio could be observed early, at t = 10 2 s, but get smeared out when integrating over t dur . In the SGRB case, such flavor oscillations occur between 100 GeV and 1 TeV, which is advantageous because we can observe in Fig. 4 a ∼ 10% ν e excess over ν µ/τ that persists through a wide energy range after time integration. Resonance happens at O(10) GeV, outside our range of interest. We also show the flavor ratio in Fig. 5 , showing the ν e excess at 1TeV. In principle, such an excess could be observed by IceCube over the 500 GeV -30 TeV energy range.
IV. DISCUSSION
A. Cumulative neutrino background from choked LP GRB jets
We test the possibility of our oscillated neutrino spectra to match IceCube's unfolded diffuse neutrino spectrum with six years of shower data [56] and six years of high energy starting event (HESE) data [57] . In particular, the origin of medium-energy neutrinos has been of interest, because the multi-messenger analyses have indicated that the sources are hidden CR accelerators [58, 59] , which include choked GRB jets [11, 60] and cores of active galactic nuclei [61, 62] .
We probe the L iso − Γ j space, keeping all other parameters and the progenitor model fixed. Our spectrum 
Flavor ratio
Time integrated over 3s, source at 10Mpc is time averaged, from the time that CR acceleration becomes efficient (see Eq. (3)) to t dur . The normalization is left as a free parameter; we optimize it to provide a best fit to the unfolded spectrum between 10 TeV and 100 TeV. Exploration of the parameter space is limited by the requirement t dur < t bo and that efficient acceleration has to occur before breakout. For this work, the normalization is set by an energy constraint that relates the total extragalactic diffuse flux to the GRB rate density as
where E k = L iso t dur is the isotropic-equivalent kinetic Table I . For comparison, we show the spectrum of the choked UL GRB neutrinos from the collimation shock (CS) in Ref. [11] but the flux is rescaled.
energy, f z is the redshift evolution factor [63, 64] , p is the energy fraction carried by CR protons, ρ is the local rate density of successful LP GRBs, and f cho is the fraction of choked GRB jets compared to the successful ones. LP jets are preferred not only theoretically to satisfy the radiation constraints and jet stalling condition, but also observationally to be consistent with the IceCube data. The failed LP GRB rate density should be above ∼ 60 Gpc −3 yr −1 (f z /3) −3 because a lower rate density contradicts the nondetection of multiplet sources [17, [65] [66] [67] .
We find that our LP GRB jet parameters can explain the medium-energy neutrino data, which is consistent with the results of Ref. [11] . Ref. [20] had difficulty in explaining the 10-100 TeV data but their parameter space is different. We show in Fig. 6 the result with L iso,48 = 1, Γ j = 50, t dur ≈ 1800 s, θ j = 1 and (ρ/1000 Gpc −3 yr −1 )f cho ∼ 20. By choosing a duration time smaller than the breakout time, we obtain a spectral cutoff due to the neutrino attenuation in the progenitor star, as expected in Ref. [11] . For a 75M BSG, we choose the parameters L iso,48 = 2, Γ j = 70, θ j = 0.2 and t dur ≈ 2000 s, in which the neutrino spectrum extends to the higher-energy regions. The associated rate density is (ρ/1000 Gpc −3 yr −1 )f cho ∼ 6. In this case, neutrino attenuation is weak and the suppression is caused mainly by pion and muon cooling.
In both of these cases, our models are not yet constrained by the stacking limits [7, 16, 17] as well as multiplet constraints [17, [65] [66] [67] . Note that our LP GRB simulations are shown as the all-flavor diffuse neutrino fluxes; any possible flavor ratio oscillation in the lowenergy region is smeared out by the summation over flavors, leaving neutrino attenutation as the relevant effect.
B. Detectability for next-generation detectors
It is useful to see if our predictions can be tested in future detectors such as IceCube-Gen2 and KM3Net. In the case of an ideal detector, for instance IceCube-Gen2, we estimate the number of events as
where σ(E ν ) is the neutrino-nucleon cross section, φ ν is the (time integrated) neutrino fluence, ice is the ice density, V = 10 km 3 is the detector volume and N A is the Avogadro's constant. From an experimental point of view, it is often more meaningful to calculate the number of events as a function of the deposited energy. The energy deposited in the detector will depend on the neutrino flavor and on the neutrino topology. In our case, we consider fully contained events for both showers and tracks. Inclusion of partially contained events depends on selection criteria, which are not discussed in this work. We use the neutrino-nucleon cross sections in Ref. [68] . The relevant shower/track channels are listed in Ref. [69] and the deposited energy E dep for each channel is given as functions of the neutrino energy E ν and the mean inelasticity y , where the latter is obtained from Ref. [68] . We compute the event numbers using the fluxes calculated in our work, as well as the fluxes obtained if we ignore matter effects and radiation constraints, while assuming that neutrino production is constant in time (i.e., we calculate the flux at t dur and multiply this result by t dur to find the time integrated fluence). We will refer to the latter scenario as the "oversimplified" case, for brevity.
For both our sources, we used the parameters in Table  I . The results are summarized in Table II , where event numbers with E dep > 1 TeV and E dep > 10 TeV are presented. In choked LP GRB jets, we see that the difference is less than a factor of 2 between the detailed case and the "oversimplified" case. This comes from matter attenuation. The feature becomes more prominent as we increase the energy threshold for E dep (see blue curve in Fig. 6 ).
In the case of choked SGRB jets, we notice that the "oversimplified" case overestimates the total number of events by a factor of ∼ 2. By ignoring the time dependence of the problem, the "oversimplified" case assumes neutrino emission throughout t dur , while the constraint r is < r cs reduces this time interval by about 1/2. By neglecting matter attenuation effects also overestimates 
TABLE II: Expected number of events in IceCube-Gen2-like detectors as a result of a choked LP GRB or choked SGRB jets that occur at a distance of 10 Mpc, assuming that the jet points to us. We use the parameters in Table I and, in the case of a choked LP GRB, we use a 30 M progenitor. The event numbers are shown for two different thresholds in deposited energy. The quantities in brackets correspond to the event numbers if we neglect radiation constraints and matter effects.
the flux and this overestimation increases with energy.
In terms of flavor ratios, we observed that the percentage of shower events increased significantly compared to the number of track events and is a feature that persists for all E dep > 1 TeV. This is caused by the ν µ → ν e conversion above 1 TeV, reducing the number of track events, while increasing shower events. In the absence of matter effects, the ν e flux is below ν µ/τ flux at all energies, causing shower and track event numbers to be comparable.
V. SUMMARY AND CONCLUSIONS
We studied neutrino production in choked jets in LP GRBs and SGRBs. In the case of choked LP GRB jets, we found considerable attenuation in the 10 TeV -100 TeV energy range by the combination of the muon cooling and CC interactions during the initial phases of injection. In the 1 TeV -10 TeV region we report nonadiabatic oscillations that are not averaged out by long distance propagation; this effect is carried over to the observed flavor ratios. During the later stages of injection, flavor ratio oscillations are negligible as the progenitor density decreases. The choked SGRB jet scenario allows for a 10% ν e excess in the TeV region, compared to the vacuum oscillation scenario where all three neutrino flavors would have an approximately equal flux, and is present over a relatively wide energy range.
We demonstrated that L iso ∼ 10 48 erg s −1 and Γ j ∼ 50 can provide a reasonable explanation for the IceCube diffuse neutrino spectrum and appropriate values for the local failed GRB rate density, with t dur ∼ 2000 s. For lower duration times, neutrino attenuation cause a flux decrease at 100 TeV without the need of cooling effects.
We discussed the detectability for future neutrino experiments such as IceCube-Gen2 and KM3Net, we found that a nearby double neutron star merger can produce a significant number of neutrino events at the detector. A nearby LP GRB could also yield multiple events, provided that the duration is sufficiently long and satisfies the choked jet constraint. In both cases, when radiation constraints and neutrino attenuation are ignored, neutrino events are significantly overestimated.
The methods outlined in this manuscript can be used to provide further constraints on the parameter space, particularly on Γ j and L iso which determine the locations where efficient acceleration begins. On the other hand, our results can be applied to future neutrino detectors with the ability to measure the flavor ratios. Determining these ratios are important both to find the underlying neutrino production process and in finding the injection site within the progenitor, the latter being related to the transition between nonadiabatic oscillations and the suppressed oscillations inside the source.
